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Abstract
Machines and plants continuously increase in complexity due to higher customer expectations regarding their purpose and 
flexibility of use. For this reason, machines and plants development processes need to adapt continuously to the present situation. 
In addition, the growing meaning of electronic and software components in machines and plants complicates the engineering 
since the interaction of different disciplines leads to increasing coordination efforts and problems regarding the interface between 
these disciplines. To face these challenges, the suitable handling of arising requirements is one key factor for the success of 
engineering processes. Therefore, a multi-disciplinary modeling technique for requirements management is presented in this 
paper. After a summary of approaches for model-based development and requirements management in the context of 
mechatronic systems engineering, the modeling technique with its concepts, terms, tasks and workflows is illustrated. To 
demonstrate the feasibility of the proposed approach, the modeling technique was applied to a miniaturized packaging plant, 
which is currently developed at the Institute for Machine Tools and Industrial Management (iwb) of Technische Universität 
München for teaching students and benchmarking engineering methods and tools. Finally, an outlook with extensions of the 
concept for fault-tolerant systems and the integration of further engineering tools in order to promote a consistent engineering 
tool-chain is given.
© 2014 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Organizing Committee of SysInt 2014.
Keywords: Requirements Management; Mechatronics; Interdisciplinary Development; Systems Engineering
* Corresponding author. Tel.: +49-89-289-17080 ; fax: +49-89-289-17307.
E-mail address: hackenbe@in.tum.de.
   t rs. ublished by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of SysInt 2014.
6   Georg Hackenberg et al. /  Procedia Technology  15 ( 2014 )  5 – 16 
1. Introduction
The machine and plant engineering is currently subjected to global mega-trends like a growing customer-
individuality in products or a shortening of innovation cycles [1]. Besides technological improvements or the 
optimization of production, development processes of machines or plants form a key factor to meet current and 
future challenges [2]. Since software is already the main innovation driver in many industry branches [3], the still 
mechanically dominated engineering principles have to be substituted by mechatronic development approaches, 
which allow an interdisciplinary engineering [4]. Especially the interaction of different disciplines (e.g. mechanics, 
electrics and software) leads to various problems for enterprises, which can be reflected in a poor product quality or
delays in the commissioning [5].
To overcome this situation, the model-based mechatronic development of machines and plants is one common 
approach [4]. In contrast to the application of single engineering models (e.g. from CAD-tools), model-based 
mechatronic development means the alignment of the whole engineering process with an interdisciplinary model of 
the system [6]. Through the development of such models, engineers from all involved disciplines gain a common 
understanding of the mechatronic system and are able to contribute their competencies and expertise [4]. In addition, 
the application of a model-based mechatronic development approach allows the integration of further development 
tasks, like for example requirements management. Especially in a machine or plant development process, where 
requirements are usually handled with documents, this integration has an enormous potential to enhance the 
requirements management [7]. This in turn is necessary, since the fulfillment of customer requirements in time and 
on budget is a decisive factor to stay successful on the market [8].
For this reason, the paper presents a multi-disciplinary modeling technique that allows a modeling and evaluation 
of requirements throughout the engineering process. Therefore, the paper is structured as follows: In Section 2 the 
state of the art is briefly reviewed. On this basis, the modeling technique is outlined. Therein the method of how 
requirements can be modeled and tested using simulation is discussed (Section 3). Subsequently, Section 4 illustrates 
the application and evaluation of the modeling technique using an academic case study. Finally, the paper finishes 
with a brief summary and an outlook to further activities like the extension of the modeling technique to fault-
tolerant systems or the integration of further engineering tools.
2. State of the Art
In the following subsections current approaches in the fields of model-based development and requirements
management – especially in the context of mechatronic systems engineering – are summarized in order to indicate 
deficiencies and derive potentials for advances.    
2.1. Model-Based Development in Mechatronic Systems Engineering
Model-based development principles originated in the field of software engineering. Especially object-oriented 
modeling tools and the related “Unified Modeling Language” [9] contributed to a broad acceptance [10]. In general, 
the objective of model-based or model-driven software development is to supply the engineering process by the 
targeted use of models, which allow an abstract and easy-to-understand description of software and an automatic 
generation of the respective source code [10].
Whilst the model-based development is already well established in software engineering, the application within 
the field of mechtronic systems is still in an initial stage [11]. The main objective is similar to the one from software 
engineering. By using interdisciplinary and abstract models of a mechatronic system, the collaboration of all 
involved engineers is simplified since a common understanding of the system to be developed is generated [6]. For 
this purpose, various approaches have been developed in the scientific environment, which are briefly presented in
the following.
A first step towards an interdisciplinary mechatronic development is a consistent and abstract description of the 
system to be developed. Therefore, numerous modeling languages like the SysML [12] have been developed up to 
today. Particularly, function-oriented methods including the example from Kallmeyer [13], which deal with the 
depiction of system functions, are getting more attention as they permit a solution-neutral modeling. Such modeling 
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languages form the basis for an integrated model-based development. Eigner et al. [4] extend the well-known V-
Model from [14] in all development phases with model-based development methods using the mentioned language 
SysML. Especially the systems specification and analysis are focused to allow early virtual tests of the respective 
product. A comparable approach was focused within the research projects “Föderal” [15] and “AQUIMO” [16]. 
While the first research project dealt with the set-up of an information architecture for mechatronic system 
development, in “AQUIMO” an engineering tool was developed, which allows a formal modeling of 
interdisciplinary information. In addition, a process model was outlined, which describes how the engineering tool is 
used throughout a development process. Another approach for an easy modeling of mechatronic systems was 
illustrated by Gausemeier et al. [17]. The specification technique CONSENS allows an interdisciplinary description 
of mechatronic systems using eight different views on a mechatronic system also including a view for requirements 
and use-cases. In addition, there exist numerous approaches that also contribute to a model-based development of 
mechatronic systems. Examples include the approach from Thramboulidis [18], who introduced different abstraction 
layers for mechatronic systems, or from Lüder et al. [19], who outlined a mechatronic modularization of manu-
facturing systems in order to allow an easy modeling and system analysis.
2.2. Requirements Management in Mechatronic Systems Engineering 
Like model-based development, also requirements management has its origin in software engineering [20]. In 
this field, various approaches were developed during the last years in order to enable a purposeful handling of 
requirements. Davis [21], for example, defines four important subsets of requirements management activities: 
requirements elicitation, triage, specification and change management. In addition, he suggests different methods 
and techniques for each subset (e.g. user interviews for the elicitation) [21]. Pohl & Rupp [22] also propose various 
methods for the requirements elicitation, but focus especially on the requirements documentation distinguishing 
between natural-language and model-based documentation. Besides these approaches also own procedure models 
have been developed including the model from Hood & Wiebel [23], who define an iterative cycle of elicitation, 
specification, analysis and review for the definition of requirements.
In the approaches presented above the requirements management is defined as a stand-alone development 
activity. However, the multi-disciplinary nature of mechatronic systems necessitates a requirements management 
integrated in the systems development process [20]. Regarding this field, especially the interface between 
requirements management and systems engineering was considered in detail, like for example by Hood et al. [24]. 
But even mechatronic systems have been focused including the approach from Schedl [20]. She defines a three-
phase procedure consisting of an elicitation planning phase, a description phase and a requirements usage phase 
throughout the development process. In addition, Jung [25] focuses especially on the requirements analysis in 
interdisciplinary development environments using an iterative and development oriented method. Further examples 
include the approach from Reiss & Schuller [26], who propose a workflow-based approach for requirements 
engineering, or from Gürtler et al. [27], who integrate the requirements analysis in the system conception phase 
using the example of a product-service-system.
The preceding section shows that various efforts have been made regarding the requirements management in 
mechatronic development processes. However, these approaches mainly describe the requirements elicitation and 
handling, but do not focus on the integration into the systems development. This in turn, especially combined with a 
model-based development, could lead to further advantages like for example an automatic requirements verification 
using system simulation. For this reason, a modeling technique for requirements management included in the 
systems development is outlined in the following.  
3. Integrated Mechatronics Systems and Requirements Modeling Technique
The modeling technique presented in the following was originally developed for the model-based development of 
software for embedded systems [28]. This technique was first extended to mechatronic systems by integrating 
methods for graphical editing of physical components and a simulation environment for space-intensive systems 
[29]. Besides enabling an interdisciplinary system development, one main objective was to build up behavior-
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oriented spatio-temporal engineering models, which allow a virtual commissioning of the associated system control 
[5]. In the research project “IMoMeSA” this modeling technique is currently extended to enable an advanced model-
based development of mechatronic systems. Besides the integration of requirements management, the research tasks 
focus on the automatic code generation with fault-handling and the modularization of mechatronic systems. 
The basic structure of a modeled mechatronic system using the proposed technique is displayed in Figure 1. 
Mechtaronic components with defined interfaces form the central modeling element for the description of machines 
and plants. Internally, each component can be displayed in four modeling views, which allow an encapsulated 
presentation of several model contents. First, scenarios in form of message sequence charts can be mapped to each 
component in order to define test cases for the verification of a mechatronic component or the entire system. In 
addition, functions can be added in terms of state machines to define sequences of activities the later implementation 
has to fulfill. These functions are essential for deciding which (mechatronic or discipline-specific) subcomponents 
are planned within the decomposition modeling view. Each mechatronic subcomponent also contains the four 
modeling views creating a hierarchical mechatronic structure of the system to be developed. Finally, each 
component can be seen from a geometries modeling view, where material interfaces or the physical representation 
of a component can be sketched.
Fig. 1. Basic structure of a modeled mechatronic system.
For the modeling of requirements no separate modeling view is provided since scenarios and functions already 
describe requirements regarding the system behavior. In addition, constraints can be modeled and mapped to 
components, scenarios or functions. How this integration of the requirements management in the system 
conceptualization phase is carried out in detail, is described in the following subsections.
3.1. Concepts
One main objective during the set-up of the presented technique was to keep the number of modeling concepts to 
a minimum. Hence, an easy to understand modeling is realizable, especially in the early development. Within the 
four modeling views from Figure 1 different concepts are applied, which are defined in the following:
x Components are the key element within the presented modeling technique. They represent containers for all other 
modeling concepts irrespective of whether the content is mechatronic or discipline-specific. This simplifies the 
set-up of a modular structure as the content of components to be developed usually cannot be specified in advance. 
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In addition, templates exist, which differ from components only as they may be used several times within one 
mechatronic system using instantiation.
x To define the interfaces of the components material, energy and data ports are used. In addition to the further 
distinction in input and output ports, energy and data ports are typically described by a specific type (e.g. kinetic 
vs. electric energy, Boolean vs. Integer). On the other hand, material ports are characterized by a geometric 
representation using the geometries modeling view. Thus volumes can be defined where materials can be 
transferred between components. The connection of input and output ports is implemented by channels, which 
define a source and target of a material, energy or data flow.
x Processes form a third central modeling element and are used for both scenarios and functions. The distinction 
results from the use and visual presentation of this concept (see terms). Generally, processes are characterized by 
states and transitions, the latter defining changes between various states. Further, transitions contain guards,
which describe port conditions that have to be satisfied, and actions, which set ports using expressions. The 
expressions range from simple value assignments to complex three-dimensional vector descriptions for kinetic 
energy ports. 
x Alongside the functional requirements, which result from scenario and function descriptions using the processes 
concept, constraints can be modeled. Generally, constraints consist of a description and a Boolean expression that 
makes qualitative or quantitative statements about mechatronic components. Besides numeric constraints (e.g. 
energy consumption), also constraints regarding geometric targets (e.g. operating dimensions) can be considered 
using the geometries modeling view. Concerning the allocation of constraints within the modeling technique, it is 
defined that they can be mapped either to components or to states in the scenario or function modeling view. Using 
this allocation, also constraints can be modeled, which are only valid in specific states (e.g. dwell times).
x Finally, the definition of geometric parts is supported by the proposed modeling technique. In contrast to material 
flow ports and geometric constraints, parts are physical representations of components and therefore part of the
subsequent implementation. Therefore, only base geometries are applied since the main modeling objective is a 
common functional understanding among participating disciplines. 
As mentioned above, four modeling views are applied, which allow an encapsulated presentation of several model 
contents. On the one hand, this means that all geometries of a component (material flow ports, geometric constraints 
and parts) are displayed and edited in one specific view (3D-editor). On the other hand, it means that scenarios are 
represented by message sequence charts and functions by state machines, even though both base on the process 
modeling concept. 
3.2. Terms
In order to ensure the definiteness of the presented approach, a unique terminology is necessary. The terms that 
are needed to describe several contents of the modeling technique, in addition to the terms resulting from the 
concept, are defined in the following:
x Components can be divided in composite and atomic components. While an atomic component directly 
implements the required functionality, a composite component applies subcomponents for this implementation.
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x Scenarios describe sequences of activities of a component’s environment. Therefore, input ports of the component 
under consideration are written in the process definition (using actions) and it is checked whether the component 
reacts correctly regarding the output ports (using guards). These sequences can be visualized easily using message 
sequence charts with the entities environment and component.
x On the other hand, functions are used to determine a component’s behavior from the component’s points of view. 
Therefore, possible states are initially identified and modeled using the process concept. A change of these states 
depends on the component’s input ports (using guards), whereby also possible output ports can be written (using 
actions). These closed-loop processes can be visualized easily using state machines. 
x Functions can be further classified in declarative and imperative functions depending on whether or not actions are 
applied. This distinction is important as imperative functions can only be applied to atomic components and 
declarative function to composite components in order to provide a system simulation.
3.3. Tasks
As mentioned above, the technique allows to model mechatronic systems using mechatronic components and 
their modeling views. Yet, the model is only the first step to guarantee a purposeful development of mechatronic 
systems. Another important task is the simulation of the system model in order to evaluate system functions or 
determine the fulfillment of requirements. A third task results from the fact, that modeling in the proposed technique 
is only possible up to a certain level of detail since the aim of the model is a common functional understanding of 
the system to be developed. For this reason, all partial results have to be refined subsequently using discipline-
specific engineering tools, like for example CAD-tools for purely mechanical design. Figure 2 illustrates the three 
identified tasks and shows how they are carried out in sequence.
Fig. 2. Sequence of engineering tasks for mechatronic systems development.
The first task for mechatronic systems development deals with the conception of the system to be developed. In 
this phase the basic system structure and behavior are set by creating and elaborating mechatronic components using 
the already introduced modeling concepts and views. 
The second task addresses the simulation in order to evaluate system behavior and enable rich communication 
among participating disciplines using the visualization of the simulation. For the fulfillment of this task, the 
mechatronic system model is converted to an executable test suite. Thereby, one test case is built for each scenario. 
Internally, the test cases run their respective scenario process as well as the imperative and declarative function 
processes of the system in combination with an integrated physics simulation of rigid body dynamics until the final 
state of the scenario process is reached. Hereby, imperative functions and the physics simulation determine the 
actual system behavior, while declarative functions serve as behavior monitors. Technically, the imperative function 
processes and the physics simulation are coupled through material and kinetic energy ports. Finally, modeled 
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constraints are checked continuously during process execution and exceptions are thrown upon their violation. The 
test cases report a success or a failure depending on whether or not exceptions occurred during execution. 
As mentioned above, modeling within the proposed technique is only possible up to a certain level of detail (e.g. 
base geometries within the mechanical design). For this reason, the modeling technique finally allows a refinement
of development results using further engineering tools. This refinement is carried out by automatic transformations 
of model contents to discipline specific tools using standard data exchange formats (e.g. XML). In addition, methods 
are currently researched, which allow a re-integration of discipline-specific results in order to save the consistency 
throughout the entire development process.
3.4. Workflows
Since the defined modeling tasks cannot be executed sequentially, a workflow is defined that describes in which 
order mechatronic systems can be modeled using the proposed technique. The workflow presented in Figure 3
illustrates the basic information flows between the defined modeling tasks starting with a product idea and resulting 
in a virtually commissioned prototype. In addition, the conception task is displayed in detail in order to explain how 
the four defined modeling views can be elaborated.
Fig. 3. Main workflow from product idea to virtual prototype and detailed conception workflow.
The whole development process starts with a product idea, which emerges from market observations or customer 
orders. This idea is first transferred in a system concept using the modeling concepts and views. Subsequently, the 
modeled system can be simulated in order to determine whether all constraints are satisfied in the defined scenarios 
and a mutual agreement among involved disciplines is reached. If one of these conditions is not satisfied, the system 
conception has to be reviewed typically resulting in an iterative procedure between the conception and simulation 
tasks. Once the system is completely conceptualized, the interdisciplinary system model has to be refined using 
discipline-specific engineering tools and methods. These concept expansions have to be transferred back to the 
model as they may affect other disciplines and, thus, the required system behavior. Furthermore, this re-integration 
enables the repeated use of the simulation in order to check whether the refined system still satisfies the required 
system behavior and constraints. If the simulation shows that the system is not completely functional, it has to be
decided whether only the refinement process or the entire system concept has to be reviewed. If, on the other hand, 
the refined concept still satisfies the required system behavior, the virtual system development is finalized resulting 
in a virtually commissioned prototype.
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Since the conception task is the most important one regarding the requirements management, the belonging sub-
workflow is also displayed in Figure 3. At the beginning, the interface of the system to be developed is defined 
using ports. On this basis, scenarios and declarative functions can be specified. In parallel, constraints can be 
modeled and assigned to the system or its scenarios and functions. These activities and the respective concepts 
essentially form the presented requirements modeling approach. Subsequently, the involved engineers have to 
decide whether or not subcomponents should be derived in order to decompose the required functionality. If it is 
decided to apply new subcomponents, those can be created using the decomposition modeling view. At this point, 
the activities described above (plus the connection of derived subcomponents with channels) are repeated resulting 
in a recursive modeling procedure. This recursion does not end until atomic components are derived exclusively. 
These atomic components can then be elaborated using imperative functions (necessary) and parts (optionally) in 
order to allow an executable simulation. Current research activities deal with the enhancement of this module 
elaboration (e.g. simple circuit diagrams for electronic components) and the integration of a mechatronic modular 
system for the easy re-use of already established mechatronic components during subcomponent derivation.
4. Case Study
In the following, the presented modeling technique is evaluated using an academic case study. After an 
introduction of the use-case, the conception and simulation tasks are outlined until finally the approach is discussed. 
4.1. Introduction
For benchmarking various mechatronic development methods and teaching students mechatronic principles, a 
miniaturized production plant is currently set up at the Institute for Machine Tools and Industrial Management 
(iwb). The main function of this plant is to transform paper into stamped boxes, which are filled with desired goods.
For the fulfillment of this function, the plant is decomposed in functional components like for slicing, stamping, 
folding and gluing. In this paper, the focus is on the stamping component, which receives a sliced paper, prints a 
stamp onto it and delivers the stamped paper at a specific end location within a limited amount of time and energy 
consumption. In the following, the developed model of the stamping component (and derived subcomponents) is 
described with the focus on the requirements modeling (i.e. scenarios, declarative functions and constraints).
4.2. Conception
According to the defined workflows, the conception starts with the definition of an interface, which consists of a 
material input and output port (“start” / “end”; see Figure 4a showing the final model including all material ports 
and parts). Based on this interface, a scenario was defined generating a new paper at the material input port and 
waiting for the stamped paper to appear at the material output port within a certain amount of time (see Figure 4b).
Fig. 4. Geometry view and scenario specification of the stamping component.
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From this scenario a declarative function was derived switching between waiting and working states (Figure 5a). 
The stamping component switches from waiting to working state in case a material is observed at the material input 
port. In contrast, the stamping component switches from working to waiting state in case a stamped paper is 
observed at the output port. In addition, a duration and an energy consumption are attached to the working state.
In this study the declarative function was considered to be too complex to be implemented directly. Thus, a 
decomposition in two subcomponents was defined: A transportation component and a manipulation component, 
which are connected through material and data ports respectively channels (Figure 5b). The decomposition 
resembles the two independent tasks of paper transportation (from “start” to “end”) and paper manipulation (from 
unmodified to modified). Since one decomposition step is sufficient for the understanding, only the transportation 
component is described in the following.
Fig. 5. Declarative function and decomposition specification of the stamping component.
Again, for the transportation component the interface consisting of material and data ports was defined first. 
While both material ports from the stamping component could be adopted, a third material output port at the 
manipulation component location was added (squares in Figure 6a). In addition, two data ports were defined; one to 
tell the manipulation component that material is available, one to receive the information that material is modified.
Based on this interface, a declarative function was specified (Figure 6b). The component starts in waiting mode. 
As soon as unmodified material is observed at the start location, it is switched to the feeding state until unmodified 
material is observed at the manipulation location. Then, the transportation component waits again until modified 
paper is observed and the related signal at the data input port is received. Finally, the transportation component 
switches to removal state until modified material is observed at the end location. Further, duration and energy 
constraints were defined for the feed and remove states distributing equal portions of available resources.
Fig. 6. Geometry view and declarative function specification of the transportation component.
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At this point, the declarative function was analyzed again considering a further decomposition. Although a third 
and final level of decomposition was applied, a detailed presentation of derived subcomponents is omitted here. It is 
sufficient to point out that these actuators, sensors and other necessary components (e.g. a control program) were 
modeled with imperative functions and parts in order to enable a simulation of the modeled system.         
4.3. Simulation
Once all imperative functions of the atomic components at the third decomposition level are defined, the model 
of the stamping component can be simulated as described in section 3.3. Therefore, the model is converted to an 
executable test suite (technically based on the JUnit framework [30]). Within the test suite one test case is generated 
for the defined scenario (Figure 4b). During test case execution (i.e. simulation of the scenario), first a paper is 
generated at the material input port, which is detected by a light sensor. Subsequently the control program starts the 
engine of a conveyor belt, which was introduced at the third decomposition level to fulfill the transportation task. 
This conveyor belt transfers kinetic energy to any touching paper resulting in a translational motion of the paper. 
Using additional atomic components (with imperative functions) inside the transportation and manipulation 
components the entire behavior of the stamping component can be determined analogously. In particular, the
integration of a physics engine (technically based on the JBullet framework [31]) enables continuous calculation of 
motions and collisions of rigid bodies during the simulation. Besides these simulation tasks, the constraints are 
checked for every time step. In the presented case study different conveyor belt engines were applied resulting in 
different velocities of the paper. Thus it could be shown that the modeled time constraints were violated or satisfied 
depending on the applied engine. Consequently, the individual mechatronic system designs could be evaluated with 
respect to the requirements.
4.4. Discussion
The case study showed how the proposed modeling technique enables seamless requirements management across 
discipline borders in the mechatronic engineering process. In particular, the technique allows to constrain the 
solution space gradually through successive refinement, while leaving the actual solution for the implementation 
phase. The refinements shown in the case study were carried out using subcomponents from the overall system, 
therefore describing a mechatronic decomposition of the overall engineering problem. Consequently, also the 
responsibilities of the individual disciplines for providing certain functionality are left open fostering the 
mechatronic engineering principle. One major benefit of decomposition and requirements modeling is that different 
implementations (e.g. mechatronic components from different vendors) can be plugged in as long as they are 
conforming to the requirements model. Consequently, both requirements models and implementation models can be 
reused across different projects. Finally, the advantages of using integrated simulation techniques for testing 
delivered implementations with respect to their requirements were explained. Especially, through coupling the 
simulation with standard unit testing frameworks and continuous integration solutions a seamless build and test 
execution management throughout the development process is achieved.
As shown so far, the proposed modeling technique works well for requirements management in the context of the 
academic case study. However, compared to industrial systems the complexity of the case (i.e. the stamping 
component) is rather limited. Therefore, it is necessary to investigate the suitability of the technique in more 
complex cases with a more diverse set of requirements (i.e. more complex scenarios and/or more complex 
declarative functions on the top-level including a variety of constraints). Here, also quality measurements for 
modeling a more fine-grained assessment of the system behavior should be included. Furthermore, the integration of 
physics simulation into the test suite is not finished. In particular, adapted build and test execution reports have to be 
designed such that their appearance resembles the needs of mechatronic systems engineers rather than software 
engineers only. Finally, the acceptance in practice has to be evaluated (including possible revisions).
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5. Summary and Outlook
In this paper a modeling technique for the integration of requirements management in mechatronic development 
processes was introduced. The applied modeling concepts and terms were outlined and the related tasks and 
workflows were sketched. At last, the technique was applied to an academic case study in order to show the 
feasibility. Pending research addresses the detailing of the modeling technique regarding the refinement task and its 
application to an industrial case study. Also, due to the reliance on standard unit testing frameworks (e.g. [30]) the 
integration with continuous integration servers such as Jenkins [32] is investigated. Continuous integration is wide-
spread practice in the software industry for ensuring proper system functionality, in particular when various 
developers are working in parallel on different interlinked parts of the system. It should be noted that a comparable 
situation is given in mechatronic systems engineering even though developers are spread across different 
engineering disciplines. Therefore we are interested in exploiting existing (and proven) practices within the new 
context. Finally, further research activities will extend the concept to fault-tolerant systems, which includes a 
method for modeling faulty mechatronic component behavior (e.g. due to wear of physical elements) and deriving 
its impact.
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